Due to water resources limitations, special attention has been paid to wastewater reuse in recent years.
INTRODUCTION
The increased demand for water due to population growth, the decline in quality and quantity of available water resources, as well as mismanagement of water resources have all contributed to a water crisis around the world, especially in arid and semi-arid regions. Regarding the developments in wastewater treatment technology, the reuse of treated wastewater has been considered as an alternative for water supply. Wastewater reuse involves all processes of sewage collection and treatment, and finally its discharge into water bodies or its usage for different purposes. Consumptive use of treated wastewater should be investigated from different aspects of economic, social, health, and environmental effects.
During the past decades, extensive research has been conducted on wastewater reuse. However, there are few studies on risk analysis and management of wastewater reuse alternatives considering environmental, social, health, and economic aspects. A comprehensive risk analysis of wastewater reuse alternatives requires identification of technical, economic, environmental, and social aspects of the system and related uncertainties (Ganoulis ) . The available studies commonly focus on identification and assessment of wastewater reuse hazards. Bayramov () evaluated risks associated with reuse of treated urban wastewater only from a health perspective. He defined risk as a function of concentration of toxic substances in the reused water.
In evaluation of wastewater reuse alternatives, beside the economic benefits of wastewater reuse, costs of utilization, operation and maintenance of wastewater reuse systems should be taken into account (Jiménez ) . The wastewater reuse process may be energy-intensive and costly (Jiménez & Asano ) . Furthermore, social side effects are important issues in wastewater reuse alternatives evaluation. Drechsel et al. () argue that the importance of social hazards is to such an extent that if all technical, health, and environmental considerations are predicted, the system may still face failure when designers do not present a good evaluation of social acceptance of wastewater reuse. Similarity to Ideal Solution (TOPSIS) while taking into account environmental, health, and economic aspects. In this study, risk is defined as undesirable consequences of system application from economic, health, and environmental aspects and the risk of wastewater reuse alternatives is not qualified. Furthermore, uncertainties in risk evaluation are not included in this study.
Ganoulis () presented a framework for risk assessment and management of wastewater reuse. This research is one of the few studies which takes into account various economic, health, and environmental aspects of wastewater reuse. In this study, risk components are not taken into account and risk is defined as exceedance of input loads from the allowed thresholds. For risk assessment, multi-criteria decision-making methods of goal programming and compromise programming are used.
This research is only focused on wastewater reuse in agriculture and does not consider social risk assessment.
Different definitions are provided for risk in the literature. In the most important and valid definition, risk is defined as a combination of three components of likelihood (L), severity (S), and vulnerability (V) of the system (R ¼ L × S × V) (Torres et al. ) . Tchórzewska-Cies´lak () presented a model based on fuzzy rules for risk analysis of 'water supply systems' by considering three components including likelihood, severity, and vulnerability. However, in wastewater reuse risk assessment, less attention is paid to these components. Various methods such as statistical analysis, probability models and the theory of fuzzy sets can be used for quantifying the risks associated with wastewater reuse (Ganoulis ) . Statistical methods are appropriate for analyzing economic risks of wastewater reuse (Chu et al. ) . However, based on Chowdhury (), when there are insufficient environmental data, statistical analysis and probability models cannot be used for risk assessment. Fuzzy approach can consider natural and unnatural uncertainties of wastewater reuse (especially in the case of insufficient information), whereby its risk and components can be evaluated using the theory of fuzzy sets and applying fuzzy functions and numbers (Ganoulis ) .
Although the details of risk management processes for different systems may differ a little depending on the system characteristics, in general, risk management has three important parts of identification, analysis, and control and mitigation (Baas et The current study aims to propose an approach for riskbased management of wastewater reuse alternatives by taking into account different aspects of environmental, social, health, and economic effects. To develop a comprehensive framework for risk analysis, three components of risk including likelihood, severity, and vulnerability are considered. Utilization of a fuzzy approach and a model based on analytic hierarchy in risk assessment of wastewater reuse alternatives makes it possible to take into account the associated uncertainties. Using the above framework, it is also possible to analyze the effectiveness of the suggested risk control and mitigation approaches in each of the wastewater reuse alternatives. This helps to increase the confidence of the decision-makers about their selected wastewater reuse alternative and risk control solutions.
MATERIALS AND METHODS
Treated wastewater can be used for industrial, agricultural, recreational, and domestic purposes as well as groundwater recharge. The proposed scheme in this study for risk analysis and management of wastewater reuse alternatives includes three main steps. First, hazards and sub-hazards of wastewater reuse alternatives are identified. Second, the risk of identified hazards is assessed. Finally, based on the risk assessment results, risk management of the selected wastewater reuse alternatives is conducted. Figure 1 illustrates the algorithm suggested in this research for risk-based management of wastewater reuse alternatives.
First step -identification of hazards and sub-hazards
Hazards of urban wastewater treatment systems can be classified into the three classes of environmental, economic, and social-health hazards. The identification of hazards for a system requires an awareness of all side effects and interactions with the surrounding environment. For this purpose, review of articles, reports, technical literature, and collection of experiences, results obtained about the considered system and other wastewater reuse systems worldwide as well as interviews with experts could be helpful.
Second step -risk assessment
In this step, the risks associated with the hazards identified in the previous step, are quantified. There are different sources of uncertainties in risk analysis of wastewater reuse alternatives; therefore, fuzzy approach is selected to deal with these uncertainties. Two approaches can be used for fuzzy risk analysis including application of fuzzy operators and application of fuzzy rules. In fuzzy risk analysis of wastewater reuse alternatives, no specific mathematical or statistical relationship exists between hazards and subhazards, and evaluation of some hazards is done based on experts' judgment. Furthermore, it is impossible to use known functions and fuzzy operators and define new functions to calculate risk due to diversity of sub-hazards. Therefore, the fuzzy rules approach based on fuzzy inference systems is used for risk analysis. In the developed structure in this study for risk assessment, each sub-hazard affects the condition of the main hazards; for example, economic hazard is an outcome of a set of economic sub-hazards. Furthermore, the calculated risk of each subhazard is a combination of independent likelihood, severity, and vulnerability components. Therefore, different parts of the risk assessment model are linked together. As a result, a model based on analytic hierarchy and fuzzy inference system is presented for the risk assessment of wastewater reuse alternatives.
Risk assessment model for wastewater reuse alternatives
In the proposed risk assessment model, two fuzzy inference systems are included. In the first system, the risk of each sub-hazard is calculated based on risk components (likelihood, severity, and vulnerability); then, in the second system, using the risks of sub-hazards, risks of triple hazard classes are calculated. In this model, the first and second fuzzy inference systems are named system No. 1 and No. 2, respectively.
In risk assessment of wastewater reuse alternatives, there is not commonly a clear mathematical relationship 
where i is the counter of fuzzy rule inputs, n is the number of inputs of fuzzy rule, w i is the fuzzy weight of the ith input, and A im stands for mth fuzzy membership function showing the linguistic value for the ith input. In this study, for each input, five linguistic functions exist, as shown in Table 1 and Figure 2 . For fuzzy computations, addition, multiplication, subtraction, and division operations of Chen () and maximum and minimum operations of Liu et al. () are used.
In Equation (1), the weight factor (w i ) is determined based on expert judgment using fuzzy AHP in a two-stage process. First, the pairwise comparison matrixX is filled out by the expert using the numerical values of preferences as shown in Table 2 . Each given value by the expert corresponds to a trapezodial fuzzy number given in Table 2 .
Before calculating the fuzzy weight of inputs, inconsistency of pairwise comparison matrixX is examined.
Therefore, trapezoidal fuzzy numbers of matrixX are defuzzified as follows (Zheng et al. ) :
where Z is the defuzzified value of numberÃ and μ A (z) is fuzzy membership degree of z. Therefore, matrixX is changed into the defuzzified matrix X. If X is a consistent pairwise comparison matrix, thenX will be a consistent In the second stage, fuzzy weight values (w i ) of the ith input are determined as follows (Buckley ):
Equation (1) is obtained as follows (Chen ):
If more than one function has the greatest similarity tõ G, then the greatest linguistic function is selected as the result of fuzzy rule to be more conservative. Therefore, the main differences of the proposed scheme in this study with This approach increases uncertainties in calculation and decreases the accuracy of output results. However, in this study, Equation (4) proposed by Chen () is used.
Fuzzy inference system No. 1
In this system, three risk components including likelihood of risk occurrence (L), severity (S), and vulnerability of wastewater reuse system (V) of each sub-hazard are inputs and the corresponding risk (R) is the only output of the fuzzy system.
The likelihood of risk occurrence is defined as frequency of risk occurrence over time (Vermont ). Risk severity Absolute preference 9 (8,8.5,9.5,10) Preference between 3 and 5 4 (3,3.5,4.5,5)
Preference between 7 and 9 8 (7,7.5,8.5,9) Low preference 3 (2,2.5,3.5,4)
Very high preference 7 (6,6.5,7.5,8) Preference between 1 and 3 2 (1,1.5,2.5,3)
Preference between 5 and 7 6 (5,5.5,6.5,7) Equal preference 1 (1,1,1,1)
High preference 5 (4,4.5,5.5,6) stands for risk characteristics and describes the difficulty level of hazard (Li ) . Vulnerability is defined as the amount or degree of damage caused to a system or society by hazard (Li ) . Therefore, vulnerability depends on system characteristics including structural, procedural, physical properties and resilience of components. In some subhazards, there is no valid or specific method for determination of risk components, thereby experts' judgment is taken into account. In this study, the values presented in Table 3 are used for quantification and classification of likelihood, severity, and vulnerability of wastewater reuse system in all sub-hazards. The corresponding fuzzy numbers to the linguistic values are determined based on Table 1 .
In Table 3 
the weight of all three components in Equation (1) is considered to be the same. As an example of developed fuzzy rules of inference system No. 1: 'if the likelihood (L) of hazard occurrence is very low, its severity (S) is high and its vulnerability (V) is low, then the risk (R) of hazard will be low'.
If L is A 1 1 and S is A 2 4 and V is A 3 2 Then R is A i 2
where A i j is determined based on Table 1 .
For calculation of wastewater reuse risk from the triple aspects of environmental, economic, and social-health hazards, separate fuzzy inference systems are developed.
Fuzzy rules of system No. 2 are generated as described in the section 'Risk assessment model for wastewater reuse alternatives', whereby the weight of triple hazards and weight of each sub-hazard are calculated using fuzzy AHP method and based on expert judgment. Because more than one expert is involved in determining fuzzy weights of hazards and sub-hazards, before determining the weights, integrated pairwise comparison matrix is generated, the components of which are calculated using Equation (6) (Dong et al. ):
where n is the number of decision-makers, k is the counter of decision-makers, and i and j are row and column of pairwise comparison matrix, respectively,ã [k] ij is the component of ith row and jth column of pairwise comparison matrix of the kth decision-maker, andã [C] ij is the component of ith row and jth column of integrated pairwise comparison matrix. It should be mentioned that for defuzzification of model outputs, center of area method which is the most common defuzzification method (Zheng et al. ) is used based on Equation (2).
Third step: risk management of wastewater reuse alternatives In second step (risk assessment), the risks of sub-hazards and hazards for wastewater reuse alternatives are calculated. Therefore, by prioritization of alternatives based on their corresponding risks, the top alternatives for wastewater reuse with the least risk are determined. To take into account the uncertainties, fuzzy multi-criteria decision-making tools are preferred for this purpose, and in this study fuzzy VIKOR method is used. The process of risk management is performed on the selected alternatives to control and mitigate their risks in a reasonable way. 
where A j stands for alternative j, j ¼ 1, …, J; J is the number of alternatives, C i is the ith risk, i ¼ 1, 2, 3;f ij is the fuzzy number of the ith risk related to A j alternative, andw i is fuzzy weight for the ith risk. The weights of input risks are calculated using fuzzy AHP method.
In this research, to expressf ij andw i , trapezoidal fuzzy numbers of (l ij , m ij , r ij , t ij ) and (w 1 , w 2 , w 3 , w 4 ) are used, 
3) are determined:
is calculated as follows:
are computed for all alternatives:
5. The fuzzy VIKOR index,
, is determined for all alternatives as follows:
and v is introduced as a weight for the strategy of maximum group utility, whereas 1Àv is the weight of the individual regret (Opricovic ) . The value of v is set to 0.5 in this study. 
If alternatives are large in number, then the number of comparative modes significantly increases; in this case, the top alternative can be selected by ranking defuzzified values of S j , R j , and Q j , based on the method proposed by Opricovic ().
Risk control and mitigation of wastewater reuse alternatives
The final step of risk management is risk control and mitigation of the selected alternatives. After determination of alternative conditions and their prioritization, it is necessary to take the required measures and policies to monitor and mitigate risks of the selected alternatives.
Determination of risk-mitigating policies
To decide about risk mitigation policies, the risks of wastewater reuse alternatives are classified into fives scales of 'very low, low, medium, high, very high' based on the available literature and information and using the linguistic values presented in Table 1 . The risk mitigation strategy for each class of risk is given in Figure 3 mitigation to a new level is less than the cost of risk mitigation measures, the level of current risk will be economically acceptable (Hunter et al. ) . Based on the above-mentioned issues about acceptable risks, two first classes of risk, i.e., 'very low' and 'low', can be considered acceptable.
Presentation of risk-mitigating approaches
After determination of general policy associated with risk level, risk mitigation approaches are suggested if they are necessary. The suggested risk mitigation approaches include procedural, structural, educational-cultural, etc., measures.
To evaluate the suggested approaches' effectiveness, the risk of wastewater reuse alternative while applying the risk mitigation measures is calculated. If the proposed risk mitigation measure does not decrease the risk level to the expected level, the proposed measure is rejected, and the next measure is examined. The process is repeated until a suitable measure is determined for risk control and mitigation of wastewater reuse alternative.
SENSITIVITY ANALYSIS
To perform sensitivity analysis, 'the shape of fuzzy membership functions of linguistic values' and 'the weight of triple hazards and sub-hazards', which have the highest impact on the results obtained from the risk analysis model presented in this study, are taken into account. By changing the abovementioned issues, the sensitivity of final prioritization of wastewater reuse alternatives to these changes is examined.
Shape of fuzzy membership functions
In the first case, the small base of trapezoidal functions, i.e., the interval that membership degree remains equal to 1 is kept fixed while the overlap area of fuzzy membership functions as legs of the trapezoidal functions have been changed. The other variables are constant. In the second case, the small 
Weight of triple sub-hazards and hazards
For sensitivity analysis of the model to the weights of triple sub-hazards and hazards, Alinezhad & Esfandiari's () method is used. In this method, the weights of all criteria (risks) are defuzzified. If weight of the kth criterion changes by Δ k , then the new weight of all criteria ( w i ) for two modes of i ≠ k and i ¼ k will be obtained based on Equation (12):
Based on the above method, if the weight of hazard k changes by Δ k amount, then the values of S j and R j and finally the value of fuzzy VIKOR index of the jth alternative (Q j ) change, thereby the alternatives are again prioritized.
Moreover, as the weight of one sub-hazard changes through using the above method, the result of fuzzy rule in system
No. 2 changes, thereby calculation of triple risks and alternative prioritization are again performed.
CASE STUDY
The proposed risk analysis algorithm in this research is Currently, 10,560 m 3 of daily wastewater treatment plant effluent is discharged into Firozabad River (G3).
Supervision of Islamic Republic of Iran () as given in
In order to obtain the weights and experts' judgment about hazards and sub-hazards of Ekbatan system, the pair- 
RESULTS AND DISCUSSION
After identification of active and potential wastewater reuse alternatives of Ekbatan Town, in the first stage, hazards and sub-hazards of wastewater reuse alternatives from different aspects, after an extensive review of articles, reports, technical literature, were determined as shown in Table 6 .
In the second step, the risk assessment model is developed. For this purpose, the pairwise comparison matrix is developed for determining the relative weights of hazards based on the experts' answers to the questionnaires. The incompatibility rate was estimated and was less than 0.1 for all questionnaires. By generating the aggregated Table 7 .
Then the frequency of sub-hazards' occurrence during the system performance was determined in order to determine the likelihood of occurrence. Historical records of system effluent characteristics as well as expert judgment for sub-hazards that have not happened in the past are considered to determine the occurrence likelihood of the sub-hazards based on the classification presented in Table 3 . The results are given in Table 8 . The severity of the sub-hazards is determined based on 'the percentage of exceedence from the standards values' as shown in Table 9 and results are shown in Table 8 . It should be emphasized that in this study it is considered that hazards occur just when the related factors exceed the standard values.
In sub-hazards for which a specific numerical value cannot be determined as the maximum or minimum allowable amount (standard) (e.g., social and cultural subhazards), information and data that are available in the literature and experts' judgment are used for determining the sub-hazard severity. The given classification for hazards' severity in Table 9 is determined based on an assessment of reports as well as experts' judgment in order to facilitate and organize the process of decision-making; undoubtedly, (1-7) Ecosystem imbalance (increase or decrease of a specific species) (Table 5 ). Furthermore, in examining the economic sub-hazards, operation and maintenance costs and the revenue from the wastewater reuse were compared with conventional costs of similar wastewater reuse systems. Due to no access to exact information of costs and revenues, the severity of subhazards was determined based on expert judgments.
To determine the system vulnerability when faced with each wastewater reuse sub-hazard, it is necessary to determine the degree of damage that is caused by that subhazard in the system. In the current study, based on literature review on environmental, social-health, and economic damages that could occur in wastewater reuse systems judgment was considered. Furthermore, the previous reports and researches associated with the considered reuse system were also reviewed.
Finally, using the values of likelihood of occurrence, severity, and vulnerability presented in Table 8 , the risks of triple hazards and sub-hazards of wastewater reuse alternatives of the Ekbatan system were determined using fuzzy inference systems No. 1 and No. 2, as shown in Table 11 . Prioritization of wastewater reuse alternatives of the Ekbatan system was performed using fuzzy VIKOR method and the results are shown in Table 12 .
Based on the results given in Table 12 , G 1 alternative has the lowest risk and is the best alternative. By comparing the calculated risk of environmental, social-health, and economic hazards with the given scale in Figure 3 , it is understood that the risk level of the selected alternative of wastewater reuse for all three hazards is 'very low'. Therefore, in this case, the risks are acceptable. In addition to the first alternative, G 2 alternative lies within the 'very Table 13 . 
where Δ is the amount of change in sub-hazard or hazard weight. Using this method, the differences in experts' judgments is taken into account in the process of sensitivity analysis.
Hereby, in the first mode, by considering the weight of subhazards and other variables to be constant, the weight of one of the triple hazards is changed and weights of other hazards are modified based on Equation (12). This process affects the calculated values for the VIKOR index. For example, Table 14 shows the sensitivity of the model to the change in the weight of social-health hazard. Based on these results, with a 15% decrease in the weight of social-health hazards, prioritization of wastewater reuse alternatives of Ekbatan does not change.
Similar changes are also considered for weights of economic and environmental hazards and results show that the prioritization of alternatives does not change even with a decrease or increase in environmental or economic hazard by 20% and 40%, respectively. However, through applying changes greater than coefficient of variation of experts' answers, prioritization of wastewater reuse alternatives of Ekbatan will also change, whereby the amount of applied changes (%) for each environmental, social-health, and economic weight is different.
For example, with a 55% decrease in weight of social-health hazard, prioritization of wastewater reuse alternatives changes, the results of which are presented in Table 14 .
In the second mode, by considering the weight of hazards and other variables to be constant, the weight of 
